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Abstract

Background: The outbreak of COVID-19 has resulted in more
than 200 million infections and 4 million deaths. The blood
derivative therapy represented by intravenous immuno-
globulin (IVIG) and convalescent plasma (CP) therapy may be
the promising therapeutics for COVID-19. Methods: A sys-
tematic article search was performed for eligible studies
published up to August 3, 2021, through the PubMed, Em-
base, Cochrane Library. The included articles were screened
by using rigorous inclusion and exclusion criteria. All analy-
ses were conducted using Review Manager 5.4. Quality of
studies and risk of bias were evaluated. Results: A total of 5
IVIG therapy and 13 CP therapy randomized controlled trials
were included with a sample size of 13,696 subjects diag-
nosed with COVID-19. IVIG could reduce the mortality com-
pared with the control group (RR 0.65,95% Cl: 0.46-0.93, p =
0.02). The use of CP did not effectively reduce the mortality
(RR0.97,95% CI: 0.91-1.03, p = 0.38), the length of hospital
stay (MD —0.47,95% Cl: —4.13 to 3.20, p = 0.80), and the me-
chanical ventilation use (RR = 0.98, 95% Cl: 0.89-1.07, p =
0.62) of the patients with COVID-19. Treatment with IVIG or
CP was not significantly associated with an increase in re-
ported adverse events (RR 1.07, 95% Cl: 0.94-1.22, p = 0.28).
Conclusions: Treatment with IVIG could be effective and

safe to improve survival for patients with COVID-19. But the
benefit of CP in the treatment of COVID-19 is limited. The
certainty of the evidence was moderate for all outcomes.

© 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Since the outbreak of COVID-19 emerged in Wuhan,
China, in December 2019, it has been diagnosed in near-
ly 200 million individuals around the world, of whom
around 4 million have died [1]. Many severely affected
patients with COVID-19 develop severe acute respiratory
illness requiring mechanical ventilation, among whom
the case-fatality rate can even reach 40% [2, 3]. This pan-
demic is not only a great challenge to the health care sys-
tem but also a serious threat to the life and health of all
mankind. Although the COVID-19 vaccine has been suc-
cessfully developed and mass-produced [4], it is still in
short supply due to the large population base. And it was
reported that the vaccine did not show 100% efficacy
against COVID-19 [5], and the fully vaccinated people
might also be reinfected [6]. At present, not only the
number of confirmed cases and deaths with COVID-19
are still rising but also SARS-CoV-2 variants have ap-
peared in many parts of the world such as the UK [7]
(SARS-CoV-2variantsB.1.1.7),South Africa[8] (B.1.351),
and Brazil [9] (P.1). The B.1.617.2 (delta) variant of SARS-
CoV-2 has contributed to a surge in cases in India and has
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Fig. 1. Risk of bias graph and summary.

now been detected across the world. These variants often
show stronger infectivity and immune escape ability [10-
12]. The second wave of COVID-19 pandemic in India
[13] (hundreds of thousands of daily infections) shows
that we need to find effective and safe treatments to treat
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as many infected patients as possible while producing
vaccines.

No known treatment showed definitive clinical effects
on COVID-19 as the efficacy of antiviral agents [14], glu-
cocorticoids [15], and antibiotics [16] in clinical practice
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were controversial. As an ancient disease intervention,
blood derivative therapy played a great role in the clinical
treatment of many pandemics, including COVID-19.
Amongall the pharmacological interventions for patients
with COVID-19, the blood derivative therapy represent-
ed by intravenous immunoglobulin (IVIG) and convales-
cent plasma (CP) therapy may be the most promising
therapeutics due to the efficiency and safety of these two
treatments in some clinical trials. IVIG, containing the
full range of antibody spectrum, is derived from the plas-
ma of thousands of healthy donors. The use of IVIG for
COVID-19 within 14 days of onset was related to the re-
duction of 28-day mortality in a multicenter retrospective
study involving 26 patients in China [17]. CP therapy is
the transfusion of blood collected from recovered indi-
viduals to infected patients. It has been used for a variety
of severe respiratory viral infections such as SARS [18],
MERS [19], and Ebola [20] to improve the clinic progno-
sis of patients. And it was found that CP therapy could
have beneficial effects on patient outcomes in an obser-
vational clinical study involving 24 patients with CO-
VID-19 [21].

Due to the exigency of the epidemic, it is urgent to
know whether blood derivative therapy is effective for pa-
tients with COVID-19. There were some systematic re-
views of IVIG and CP, but the quality of evidence of re-
searches was low because of the inclusion of nonrandom-
ized controlled trials [22-24]. And the reliable clinical
evidence of benefits or harm was limited if only from the
previous reviews. Therefore, we systematically retrieved
the related studies and conducted this meta-analysis to
determine the safety and efficacy of IVIG and CP for CO-
VID-19 and the different treatment effects between these
two therapeutics to provide references for treating CO-
VID-19.

Methods

This meta-analysis was performed according to the PRISMA
guidelines (online suppl; for all online suppl. material, see www.
karger.com/doi/10.1159/000524125). The review has been regis-
tered with PROSPERO (http://www.crd.york.ac.uk/PROSPERO/.
CRD42021249391).

Design and Search Strategy

The search included articles in English or Chinese language
published in the PubMed, Embase, Cochrane Library through Au-
gust 3, 2021. The search was conducted using the following key-
words: COVID-19 or sars-cov-2 infection or novel coronavirus
2019 infection and COVID-19 serotherapy or convalescent plasma
or Immunoglobulins, Intravenous or immunoglobulin or IVIG or
hyperimmune globulin. The detailed retrieval strategy can be
found in the online supplementary. This study was designed and
conducted according to the PRISMA reporting guideline. The ref-
erences to the included articles and reviews were also searched for
citations of additional relevant published and unpublished studies.

Review of Blood Derivative Therapy for
COVID-19

Potentially relevant studies

(n=4513)

Duplicates excluded
(n=268)

¥

Citations reviewed
(n=4245)

Studies excluded based on title and
> abstract (n=4160 )
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11 full textexcluded:
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(n=18)

Fig. 2. Study flow diagram.

Criteria for Inclusion and Exclusion

Inclusion criteria for the systematic review were: (1) a random-
ized controlled study design that did not require mortality data to
ascertain outcome; (2) all subjects were diagnosed with COVID-19
regardless of the condition; (3) the experimental group was not
given intervention other than blood transfusion with standard of
care, and the control group was allocated to receive placebo to-
gether with standard of care, or only standard of care. Studies were
excluded if (1) study reported insufficient details to derive the out-
comes; (2) study had other interventions; (3) full text of the study
was not available in the databases; (4) study was written in lan-
guages other than English and Chinese.

Study Outcomes

The outcomes of efficacy were all-cause mortality, number of
patients requiring mechanical ventilation, length of hospital stay
in the treatment group, and standard care groups. The outcomes
of safety were the reported adverse events.

Data Extraction

One investigator (Z.F.) performed the literature search and
screening, and 2 investigators (Z.C and X.D.) independently per-
formed data extraction. Discrepancies were resolved through dis-
cussion between investigators. The extracted data items include:
(1) study characteristics: design, location, year of publication; (2)
participant characteristics: age, sex, details of the intervention,
treatment duration, and all clinical assessment.

Risk of Bias

We scored the studies that met inclusion criteria according to
the Cochrane risk of bias tool [14], which evaluates the random
sequence generation, allocation concealment, blinding of partici-
pants, personal and outcome assessment, incomplete outcome
data, selective outcome reporting, and other biases (Fig. 1). The
included RCT's were classified as low risk (L), high risk (H), or un-
clear risk (U) in the above items.
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Fig. 3. Forest plots of all-cause mortality (18 comparisons, n = 13,696).

Results

A total of 4,513 references were identified from the da-
tabases (Fig. 2). After excluding duplications and screen-
ing of titles and abstracts, the full papers of 84 studies
were obtained and assessed for eligibility. According to
the inclusion criteria, the definitive analysis included 5
IVIG RCTs [25-29] (1 = 326) and 13 CP RCTs [30-42]
(n=13,370). All of 18 trials were fully published in peer-
reviewed journals in 2020 and 2021 for individuals with
COVID-19 from the USA, India, China, Argentina, Neth-
erlands, Iraq, Pakistan, Brazil, Bahrain, UK, and Iran. Out
of the 18 trials, mortality was assessed in all 18 RCT's after
randomization. Length of hospital stay was available in 8
RCTs [25-28, 31, 36,40, 41] (4 IVIG and 4 CP). The need
for mechanical ventilation use was reported in 12 RCTs
(26, 27, 29-37, 39, 40, 42] (3 IVIG and 9 CP). Reported
adverse events were evaluated in patients [27-35, 41, 42]
(3 IVIG and 8 CP). Concrete information of included
studies were listed in Table 1. All analyses were conduct-

Review of Blood Derivative Therapy for
COVID-19

ed using Review Manager 5.4. A random-effects model
was used for this meta-analysis when there was no hetero-
geneity, or else a fixed-effects model would be used. Sen-
sitivity analyses were performed by sequentially remov-
ing one study at a time to identify the studies that influ-
enced the results significantly.

Mortality

Whether IVIG and CP can reduce the mortality of CO-
VID-19 patients is the most important purpose to do this
meta-analysis in the current global context of COVID-19
pandemic. Evidence from 13 RCTs [30-42] (n = 13,370)
of COVID-19 patients showed inconclusive effects of CP
on 28-day mortality (Fig. 3): RR 0.97, 95% CI: 0.91-1.03,
p = 0.38; heterogeneity x* = 14.26, df = 12, p = 0.28, I =
16%. But IVIG did play a great role in reducing the mor-
tality of COVID-19 patients in 5 RCT's [25-29] (n = 326)
in this meta-analysis (Fig. 3): RR 0.65, 95% CI: 0.46-0.93,
p = 0.02; heterogeneity x> = 6.8, df =4, p = 0.15, I = 41%.
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Fig. 4. Forest plots of the length of hospital stay (8 comparisons, # = 1,061).

Length of Hospital Stay and Mechanical Ventilation

Use

For CP group, 4 RCTs [31, 36, 40, 41] with 785 patients
were available for length of hospital stay in this meta-
analysis. It showed no significant associations between
treatment with CP and reductions in length of hospital
stay (Fig. 4): MD —0.47, 95% CI: -4.13 to 3.20, p = 0.80. It
was found that IVIG also could not reduce the length of
hospital stay in 4 RCT's [25-28] with 276 patients (Fig. 4):
MD -3.07,95% CI: -10.28 to 4.15, p = 0.41; heterogeneity
x> = 164.46, df = 3, p < 0.00002, I* = 98%. There were no
significant differences between the intervention group
(CP and IVIG) and the placebo group in the number of
patients with mechanical ventilation use (Fig. 5). For CP
groups, 9 RCTs [30-33, 36, 37, 39, 40, 42] with 12,884 pa-
tients were included for this meta-analysis: RR = 0.98,
95% CI: 0.89-1.07, p = 0.62; heterogeneity X2 =9.99,df =
8, p=0.27, I> = 20%. For IVIG, 3 RCTs [26, 27, 29] with
167 patients were included: RR = 0.96, 95% CI: 0.56-1.64,
p =0.88; heterogeneity x> = 3.50,df =2, p = 0.17, > = 43%.

Adverse Events

Eleven RCTs [27-35, 41, 42] (3 IVIG and 8 CP) were
performed safety meta-analysis. It showed that no signif-
icant differences between the intervention group and the
control group in the number of patients with reported
adverse events (Fig. 6, RR 1.07, 95% CI: 0.94-1.22, p =
0.28; heterogeneity x*> = 8.91, df = 7, p = 0.26, I* = 21%).
For IVIG, 3 RCTs [27-29] with 183 patients were avail-
able in terms of reported adverse events (Fig. 6): RR 1.13,
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95% CI: 0.75-1.70, p = 0.56; heterogeneity x* = 0.37, df =
1, p =0.54, 2 = 0%. And there was no difference in re-
ported adverse events between CP and placebo for CO-
VID-19 patients (Fig. 6): RR 1.07, 95% CI: 0.93-1.22, p =
0.35; heterogeneity x> = 8.53, df = 5, p = 0.13, I* = 41%.

Discussion

This is a high-quality comprehensive meta-analysis to
evaluate the efficacy and safety of IVIG and CP therapy
for COVID-19. In order to ensure the credibility of the
meta-analysis, all nonrandomized controlled trials such
as cohort studies were excluded [43, 44]. Similarly, pre-
prints that have not been peer-reviewed were not includ-
ed [45, 46].

Compared with placebo in combination with standard
of care or only standard of care, treatment with IVIG was
significantly associated with a decrease in all-cause mor-
tality among patients with COVID-19 in this meta-anal-
ysis. A multicenter retrospective study in China showed
that the use of high-dose IVIG could significantly reduce
the mortality of severe patients with COVID-19 [17].
However, the outcomes of our analysis did not support
this result because we found that the effect of IVIG on
reducing the mortality of COVID-19 patients was not
positively correlated with its dose. The use of high-dose
(0.4 g/kg/day) IVIG did not significantly reduce the num-
ber of deaths in Tabarsi et al. [26]. Time of initiation of
IVIG may be a key factor for efficacy in the treatment of
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Fig. 5. Forest plots of mechanical ventilation use (12 comparisons,

COVID-19. Treatment with IVIG within 48 h of admis-
sion not only reduced 28-day mortality (23.3% vs. 57.1%,
p = 0.009) but also shortened hospital length of stay in a
retrospective study that included 58 COVID-19 patients
in Wuhan in 2020 [47]. Similarly, the early use of IVIG
was superior to the placebo group in terms of reducing
mortality in Gharebaghi et al. [25]. It has been demon-
strated that IVIG can inhibit complement function and
downregulates T-cell function, which may prevent the
production of a large number of proinflammatory cyto-
kines and chemokines and the subsequent development
of cytokine storm in the early stage of the disease [48, 49].
Besides, there were significant differences in antibody
content of IVIG from different manufacturers and even
different batches because IVIG was prepared from pooled
plasma of healthy people [48]. The production of hyper-
immune anti-SARS-CoV-2 IVIG (C-IVIG) from pooled
COVID-19 CP increased the chance of survival and re-
duced the risk of disease progression in severe and critical
COVID-19 patients in Ali et al. [29]. Therefore, it is
meaningful to analyze and optimize the nature or level of
antibodies in IVIG to target customized patients in fur-
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n=13,051).

ther studies. Theoretically, if IVIG poses a positive im-
pact, the length of the hospital stay, or mechanical venti-
lation use will be shortened because the patients will be
discharged earlier in the intervention group [27]. But the
use of IVIG was not associated with a low length of hos-
pital stay and mechanical ventilation use in this meta-
analysis. The longer duration of hospitalization or me-
chanical ventilation may be due to the higher survival rate
in the IVIG group for some patients [26]. In spite of it all,
there were numerous factors to affect the results such as
time of initiation, daily dose, duration of the IVIG admin-
istration, function of standard of care, and so on. Hence,
the results should be interpreted with great caution.

The difference in all patient-related clinical outcomes
between CP and the controlled group did not meet statisti-
cal significance. It meant no significant association of CP
with benefits on reduction in mortality, length of hospital
stay, or mechanical ventilation use. A systematic review
published in 2021 summarized evidence from 2 RCTs and
5 cohort studies addressing CP (n = 5,444 patients) con-
ducted during the COVID-19 pandemic and suggested that
the use of CP did not reduce the mortality of COVID-19
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Fig. 6. Forest plots of adverse events (11 comparisons, n = 1,761).

patients (OR 0.44, 95% CI: 0.25-0.77) and improve clinical
outcomes [50]. The results were consistent with the finding
of this meta-analysis. In addition to the clinical outcomes
assessed in this meta-analysis, other outcomes were per-
formed in included RCTs such as the effect of CP on viral
load. Because there were inconsistencies in the definitions
used and insufficient reporting of relevant details in RCT's
[26, 34,40], we did not make a summary and analysis in this
study although the decrease in viral load may be a predictor
ofimprovement. There was a view that donor selection with
different antibody titers and timing of CP treatment
maymight affect the clinical efficacy for COVID-19 [34].
But it has been demonstrated that high-titer CP did not im-
prove survival and other clinical outcomes regardless of the
timing of CP treatment for patients in the latest largest RCT
that involved 11,558 patients in the UK published in The
Lancet [36].

Neutralizing antibody levels in COVID-19 patients
maymight be detected after 2 weeks after symptom onset
[51]. By the time these antibodies developed in patients
with severe disease, significant lung injury, sepsis, and co-
agulation dysfunction may have already occurred [52].
Early introduction of neutralizing antibodies to CO-
VID-19 patients could neutralize the virus’ infectivity di-
rectly and bring clinical benefit to the patient through

10 Transfus Med Hemother
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antibody-mediated pathways like complement activation
and ADCC. Libister et al. [33] suggested early administra-
tion of high-titer CP against SARS-CoV-2 to mildly ill-
infected patients reduced the progression of COVID-19
to severe illness. However, the result was not found in
Agarwal et al. [31]. It maymight be attributed to the dif-
ference in the patient selection in that the patients includ-
ed were older in Libister et al. [33]. Given the differences
in the timing of CP treatment in multiple RCTs, the as-
sociation between the timing of treatment and efficacy
should be cautiously considered. The benefit of early use
of CP may be limited by various factors, including the age
and severity of the patients, the production of antibodies,
and so on. Rasheed et al. [32] showed the patients who
haved already started producing SARS-CoV-2 IgG and
IgM arewere more likely to benefit from CP, but sub-
group analysis was not performed due to the limited data.
How to find the best time point for earlier CP treatment
and limit the use of CP to the optimal patients is impor-
tant and meaningful in future studies.It is important and
meaningful for earlier CP treatment to find the best time
point and limit the use of CP to the optimal patients in
future studies.

For safety, there was no significant difference between
IVIG or CP and placebo in combination with standard of
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care or only standard of care in reported adverse events.
Mostofthe included RCTs only reported 0 adverse events.
Hence, IVIG and CP are safe treatments for COVID-19.

As mentioned above, IVIG is derived from the plasma
of healthy donors, and it is a valuable resource. CP is just
derived from persons who have recovered from SARS-
CoV-2 infection. It is difficult for them to meet the huge
demand during the pandemic. In addition, plasma, unlike
other drugs, requires strict management of its collection,
screening, and infusion. Finally, the titers of antibodies in
the plasma must reach a certain level to work, while the
level of antibodies of different donors varies greatly. All
these limit the application of blood derivative in clinical
treatment. The world is suffering from the second round
of the impact of the COVID-19 epidemic, that is, the ram-
pant spread of SARS-CoV-2 variants [53]. So, the search
for a clinically effective treatment is still a major concern
globally. Blood derivative therapy is a potential treat-
ment, although it still has many challenges to be solved.
At present, we need to pay attention not only to how to
solve the problem of the limited source of plasma but also
to achieve the best effect of blood derivative therapy. Doz-
ens of clinical trials that assess the treatment with IVIG
and CP have been registered in the ClinicalTrials.gov
platform and other platforms, so additional evidence in
the future may change the direction of the analyses in this
review.

Limitations

This study has several limitations that may affect the
results of our meta-analysis. Although the search strategy
is strict, certain studies are not included such as non-Eng-
lish or non-Chinese and the publications that are not in
the searched database. Six of the 18 RCT's had a high risk
of bias, although those 6 RCTs only contributed to 3.4%
of the weight of the meta-analysis on all-cause mortality.
In addition, except for 6 RCT's with moderate patients, all
patients were hospitalized with severe to critical CO-
VID-19. The generalizability of the results to patients
with milder COVID-19 is unclear. And as a secondary
analysis, we have to convert some data that are not prim-
itive such as the length of hospital stay. Finally, the num-
ber of clinical trials about CP and IVIG is limited so far.

Conclusions

Treatment with IVIG is a safe and effective treatment
to improve survival for patients with COVID-19, but its
effect on other clinical outcomes is uncertain. The use of
CP compared with placebo or standard of care was not
significantly associated with a decrease in all-cause mor-
tality orany benefit for other clinical outcomes. The cer-
tainty of the evidence was moderate for all outcomes. It

Review of Blood Derivative Therapy for
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may be a key to explore the appropriate recipient of CP
and time of initiation of IVIG for the treatment of CO-
VID-19 in further study. And C-IVIG, a promising ther-
apy for COVID-19, needs to be verified by more sophis-
ticated RCT.
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